The 165 rRNA sequences of the Korean Borrelia strains 5MT and 9MT, isolated from lxodes nipponensis, showed identities of 99.0-99.1 O/ O to that of B. afzelii. The strains were tentatively classified as belonging to the B. afzelii-related group. In this study, Korean isolates, including these strains, were characterized further and compared with recently described new species. These strains generated a RFLP pattern that has not been found previously in RFLP analysis of the 55-235 rRNA intergenic spacer and the flagellin gene. When phylogenetic trees were constructed, based on the 55-23s rRNA intergenic spacer, flagellin gene and 165 rRNA sequences, these Korean isolates formed a cluster with the Borrelia strain Am501 isolated from lxodes columnae in Japan and Borrelia valaisiana strains VS116' and UK isolated from lxodes ricinus in Europe and were distinguishable from the other species. However, these three groups of strains were divergent from each other in the molecular masses of the putative outer surface protein A (OspA) and in the sequences of the ospA gene. These findings suggest that these Korean isolates and one Japanese isolate are members of B. valaisiana and that OspA of this species is divergent, as is that of Borrelia garinii. This led to the speculation that B. valaisiana strains are adapted to the vector ticks found in each locality.
INTRODUCTION
Lyme borreliosis is the most prevalent tick-borne zoonotic disease (Steere, 1989) in Europe, North America and Far Eastern countries such as Japan, Russia and China (Anderson, 1989) . The causative agent, Borrelia burgdorferi sensu lato, is classified into 10 species : B. burgdorferi sensu strict0 (Burgdorfer et al., 1982; Johnson et al., 1984) , isolated in North America and Europe ; Borrelia garinii (Baranton et al., 1992) and Borrelia afzelii (Canica et al., 1993) , isolated in Europe and east Asian countries; Borrelia japonica, Borrelia tanukii and Borrelia turdi, isolated from Ixodes ovatus, Ixodes tanuki and Ixodes turdus, respectively, in Japan (Fukunaga et al., 1996b; Kawabata et al., 1993) ; Borrelia andersonii, isolated from Ixodes dentatus in North America (Marconi et al., 1995) ; Borrelia valaisiana (Wang et al., 1997) , formerly genomic group VS 1 16, and Borrelia lusitaniae (Le Fleche et al., 1997) , formerly genomic group PotiB2, isolated in Europe ; and ' Borrelia bissettii' (Postic et al., 1998) ' formerly genomic group DN127, isolated in North America.
In Korea, B. burgdorferi sensu lato has been isolated from species of tick (Ixodes granulatus, Ixodes nipponensis and Ixodes persulcatus) and wild rodent (Apodemus agrarius). However, no cases of Lyme disease have been documented in Korea. These isolates were identified as B. garinii or B. afzelii by the ribotyping method, 16s rRNA-PCR (Park et al., 1993) , reactivity with specific mAbs and 16s rRNA sequencing (Kee 01028 T. Masuzawa and others et al., 1994, 1996) . Interestingly, some isolates from I. nipponensis were relatively similar, but not identical, to B. afielii and were tentatively classified as belonging to the B. afielii-related group (Kee et al., 1996) . On the other hand, no isolates have been found from I. nipponensis in Japan.
In this study, Korean isolates tentatively classified as belonging to the B. afzelii-related genomic group were further characterized on the basis of sequencing of 16s rRNA, the 2-23s rRNA intergenic spacer, the flagellin gene and the outer surface protein A (OspA) gene and compared with recently described new species.
oligonucleotide synthesis service (Bex Co., Tokyo, Japan). Aliquots (2 ml) of cultures were washed and the cells were resuspended in 100 pl water. The resultant cell suspensions were boiled at 100 "C for 10 min. PCR was performed by the method described previously (Fukunaga et at., 1996c; Postic et al., 1994) . The amplification products of the 5s-23s rRNA PCR were digested with MseI and DraI and the digested DNA was electrophoresed through 16 YO polyacrylamide gels. The amplified DNA from the flagellin gene was digested with Bpu11021, HhaI, HincII or DdeI and subsequently electrophoresed in 12 % polyacrylamide gels. DNA fragments of pBR322 digested with MspI, ranging from 26 to 622 bp, were electrophoresed as molecular size markers. DNA bands were visualized by ethidium bromide staining.
Sequencing of 165 rRNA, the 55-23s rRNA intergenic spacer and the flagellin and ospA genes. The ospA gene was amplified with primers A8 (5' CAATTTTCTATTTGTTA-TTTGTTAATC 39, corresponding to the 5' end of ospA, and BRl (5' TGACTCAGCACCTTTTTGTGC 37, corresponding to the 5' end of ospB, or BR2 (5' AAATCC-TAGTAAATATTGTTT 37, corresponding to the 5' end of ospB. The 16s rRNA sequences and flagellin Va) gene were amplified with primer pairs 16SFl (5' ATAACGAAGAG-TTTGATCCTGGC 39, corresponding to the 5' end of 16s rRNA, and 16SR (5' CAGCCGCACTTTCCAGTACG 37, corresponding to the 3' end of 16s rRNA, and flaF (5' GATTATAAATCATAATAGGTCAGC 3'), corresponding to the 5' end offln, and flaR2 (5' CTCCTCAATAA-GCCTGCATTATGC 3 9 , corresponding to the 3' end offla. The amplicons of the ospA gene (about 980 bp), flagellin gene (about 970 bp), 16s rRNA (about 1350 bp) and the intergenic spacer sequence (about 250 bp) were cloned into the pGEM-T vector and the recombinant plasmids were transformed into Escherichia coli JM 109 using the pGEM-T 58, 24, 22 107, 52, 38, 29, 28 107, 95, 51 107, 57, 51, 38 107, 79, 51 107, 68, 51, 20 107, 78, 51 174, 51, 23, 7 NS 168, 51, 23, 6 145, 83, 29 173, 52, 20 174, 51, 20 144, 81, 23 144, 53, 33, 27 107, 82, 39, 29 NS 119, 67, 52, 28 107, 51, 38, 21, 16, 8, 7 107, 52, 38, 33, 27 252, 188, 90, 33, 22 Similar to 5MT 221, 135, 118, 90, 21 338, 225, 21 329, 153, 72, 21. 9 NA NA 305, 183, 42, 33, 21 305, 225, 33, 21 188, 135, 117, 90, 33, 21 188, 135, 117, 90, 33, 21 338, 225, 21 238, 225, 100, 21 338, 225, 21 225, 221, 117, 21 221, 153, 117, 72, 21 405, 179 NS Borrelia valaisiana isolated in Korea vector system (Promega) according to the manufacturer's instructions. The recombinant plasmids were extracted from E. coli cultures using a PERFECT prep plasmid DNA kit (5 prime-3 prime) and sequenced by the dideoxy chaintermination method using a Taq Dye-Deoxy Terminator cycle sequencing kit with primers M13 (-29) and MI3 reverse and a model 373A DNA sequencer (Applied Biosystems) or Sequi Therm EXEL I1 Long-Read DNA Sequencing Kit LC (Epicentre Technology) and an LI-COR 4000 DNA sequencer. At least three clones were sequenced for determination of each strain. Nucleotide sequence accession numbers. The sequences of the 5s-23s rRNA intergenic spacer, flagellin gene, 16s rRNA gene and ospA gene determined in this study have been submitted to the DDBJ, EMBL and GenBank databases under the accession numbers listed in the legends to Figs 1-3 and in Table 3 .
Phylogenetic analysis. Sequences were aligned and a similarity matrix and neighbour-joining phylogenetic tree were constructed using the DNASTAR program.
SDS-PACE and Western blotting. SDS-PAGE and Western blotting were carried out according to a previously described method (Masuzawa et al., 1991) . Ten micrograms protein was applied to each lane of a 12.5% polyacrylamide gel. After electrophoresis, the gels were stained with Coomassie brilliant blue. Antigens were transferred to PVDF membranes (Bio-Rad) and specific antigen bands were subsequently detected by immunostaining with mAbs diluted 1 : 50 to 1 : 100. The mAbs used were: H9724 and 01441b to flagellin ; P3 1 a, P3 1 b, P3 lc and P3 1 d to OspA (Masuzawa et al., 1996~) ; G7 to OspC (Masuzawa et al., 1996b) ; and 062a to heat-shock protein 60 (Hsp60, Masuzawa et al., 1996~) .
RESULTS AND DISCUSSION
Phylogenetic analysis of the B. afzelii-related group on the basis of 16s rRNA gene sequences A phylogenetic tree based on 16s rRNA gene sequences was constructed on the basis of a sequencesimilarity matrix of the 16s rRNA gene (1 367 bp) (Fig.  1) . The 16s rRNA sequence of strain lOMT was determined in this study, while the other sequences were obtained from previous reports as described in the figure legend. The sequences of the three strains 5MT, 9 M T and lOMT clustered with those of strains VS1 16T and UK of the recently described new species B. valaisiana and Borrelia sp. strain Am501, isolated from Ixodes columnae in Japan, and showed the highest identities, 99-2-99.9 %, to these strains. Kee et al.
(1 996) tentatively classified these strains as belonging to the B. afzelii-related genomic group o n the basis of 16s rRNA gene sequences. However, the strains showed greater sequence identity to B. valaisiana than to B. afzelii. These observations strongly suggested that the Korean isolates from I. nipponensis, the European isolates from Zxodes ricinus and the Japanese isolates from I . columnae are closely related.
RFLP analysis of the 55-23s rRNA intergenic spacer and flagellin gene
The results of RFLP analysis of the 5s-23s rRNA intergenic spacer sequence and flagellin gene are summarized in Table 1 . Strains 5Y, 17Y, 18Y and 934U generated RFLP patterns for the 5s-23s rRNA intergenic spacer identical to that of B. afzelii strain VS461T. Strain 935T generated a pattern identical to that of B. garinii strain ChY13p, isolated from I. persulcatus in northern China (Li et al., 1998) , while strains 5MT, 9MT and lOMT, isolated from I. nipponensis, showed unique RFLP patterns that have not been reported previously. These three strains also generated unique patterns on RFLP analysis of the flagellin gene.
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Phylogenetic analysis of the 55-235 rRNA intergenic spacer and flagellin gene
Figs 2 and 3 show the phylogenetic trees constructed on the basis of the 5s-23s rRNA intergenic spacer and flagellin gene sequences. 5s-23s rRNA intergenic spacer sequences of strains 17Y and 935T showed greatest identities to B. afzelii strain VS461T (996 %) and B. garinii strain ChY 13p (95.4 YO), respectively. Furthermore, the sequences from strains 5MT and IOMT, which generated unique RFLP patterns, showed the greatest identity (94-9-97.3 YO) to B. valaisiana strains VS1 16T and UK, isolated from I. ricinus in Europe, and formed a cluster with these strains. Similar results were obtained from sequence analysis of the flagellin gene (Fig. 3) . Sequences of strains 5MT and lOMT showed the greatest identity (about 97%) to strain VS 1 1 6T but were also similar to strain Am50 1, isolated from I. columnae in Japan. The Korean strains formed a cluster with the Borrelia sp. strain Am501 and B. valaisiana strain VS 1 1 6T and were distinct from other strains. These facts indicate that the Korean strains and Am501 should be classified as B. valaisiana. The Korean isolates identified as B. valaisiana showed specific RFLP patterns for the 5s-23s rRNA intergenic spacer and flagellin gene sequences. These methods are useful for the identification of Borrelia species on the basis of DNA extracted from vector ticks and/or small amounts of culture material. From the results obtained, the methods could be applicable to an epidemiological survey in this area.
Protein profiles and characterization of the ospA gene
Strains 5MT and lOMT each contained a 32 kDa protein that reacted with the anti-OspA mAb P31c (Fig. 4 and proteins (data not shown), as previously reported (Kee et al., 1994) . However, strains VS1 16T and Am501 contained OspA proteins of different sizes and these did not react with mAb P31c. European strains classified as B. valaisiana express proteins that appear to be OspA, in the size range 32-35 kDa (Nohlmans et al., 1995; Pkter & Bretz, 1992; Wang et al., 1997) . Specific mAbs are useful for the detection of specific Borrelia species in the tick midgut and identify them by immunological reactivity. However, in this study, we could not identify a mAb that reacted specifically with B. valaisiana among a battery of mAbs tested. Previously, Wang et al. (1997) also reported that the mAbs tested in their study were not reactive to B. valaisiana. Further study is necessary to identify a mAb that reacts specifically with this species.
In order to estimate the similarity among strains 5MT, IOMT, Am501 and VS116T, ospA sequences were determined and compared with each other (Table 3 ).
The greatest identity (99.6 Yo) was observed between strains 5MT and 1 OMT. Interestingly, relatively greater identity (98.0-98-4 %) was found to the ospA sequence of B. turdi strain Ya501T, but sequences from strains Am501 and VS1 16T were about 93 and 87 YO identical to those of strains 5MT and 10MT, respectively. These results clearly indicate that the ospA sequences of strains 5MT and lOMT were quite similar to one another and relatively divergent from those of strains Am501 and VS 1 1 6T. Other strains belonging to B. valaisiana could not be examined in this study as ospA sequences are not yet available for these strains. Based on the currently available information, ospA sequences from European and Korean strains and Japanese strain Am501, which are classified as B. valaisiana, are heterogeneous, like that of B. garinii.
The three Korean strains were isolated from I. nipponensis collected in Haenam, located at the southern tip of the Korean peninsula (Kee et al., 1994 (Kee et al., , 1996 . We performed a survey in Choongju, located in the central part of Korea, in 1997 and isolated typical B. garinii and B. afzelii strains from I. nipponensis collected around this area, but did not obtain strains similar to B. valaisiana (unpublished results).
The geographical distribution of B. valaisiana is still unclear. Strains have been isolated and/or specific DNA has been detected from I. ricinus collected in the Netherlands (Rijpkema et al., 1999 , Switzerland (Filipuzzi-Jenny et al., 1993 Peter & Bretz, 1992) , the United Kingdom (Livesley et al., 1995) , Italy (Cinco et al., 1998) , Croatia (Golubic et al., 1998; Rijpkema et al., 1996) and Ireland (Kirstein et al., 1997) . A species of Borrelia was also isolated from I. persulcatus in the central Urals (Lesnki et al., 1997) . These reports suggest that B. valaisiana is distributed in various European countries and central Eurasia. Also, strain Am50 1, isolated from I. columnae in Japan, has been identified as B. valaisiana on the basis of flagellin (Fukunaga & Koreki, 1996; Fukunaga et al., 1996c) and 16s rRNA gene sequences (Fukunaga et al., 1996b; Le Fleche et al., 1997; Wang et al., 1997) . Recent taxonomic characterization of Borrelia has indicated that the ticks I . ovatus, I. turdus and I. tanuki transmit B. japonica, B. turdi and B. tanukii, respectively (Fukunaga et al., 1996a; Kawabata et al., 1993; Nakao & Miyamoto, 1993) . In contrast, I. ricinus ticks can transmit five species of Borrelia, B. burgdorferi sensu stricto, B. garinii, B. afzelii, B. valaisiana and B. lusitaniae (Baranton et al., 1992; Canica et al., 1993; Le Fleche et al., 1997; Postic et al., 1994; Wang et al., 1997) . Also, I. persulcatus carries B. garinii, B. afzelii and possibly B. valaisiana but not B. burgdorferi sensu stricto (Li et al., 1998; Masuzawa et al., 1997; Sato et al., 1996) . Marti Ras et al. (1997) 
